Abstract-The road accident increases each year due to increased vehicle on the road. Driver vigilance easily distracted when in a state of fatigue and sleepiness. This research proposes to use physiological measures of electromyography (EMG) signal to assess muscle fatigue during driving game obtained from biceps brachii. The experiment starts with data collection of EMG signal for 3 subjects while driving Need for Speed the Run Game for 2 hours. Then signal preprocessing is applied to remove artifact in EMG signal. Next, the EMG signal is transformed into the frequency-domain using Fast Fourier Transform (FFT). From FFT the Power Spectral Density (PSD) and Energy Spectral Density (ESD) can be obtained. Mean, median, RMS and average powers in PSD are calculated. While from the ESD, total energy was calculated. Based on results obtained (RMS = 9.7198, average power = 94.4744, mean = 6.2451 and median = 6.2456), the objective for the project is achieved. The result shows that the PSD is better used to evaluate the biceps brachii muscle fatigue compared to ESD.
I. INTRODUCTION
Driver vigilance is essential to avoid accidents on the road. According to statistics from Malaysian Institute of Road Safety Research (Miros) 476, 196 road crashes with 6,674 road deaths in the year 2014, and the number crashes is 2-fold compare in the 2000. The number of accidents increases as the number of vehicles on the road increased especially during festive seasons. It was recorded in 1996 in Malaysia, a total of 321 deaths, constituting 20 deaths per day during the 15 days of the festive seasons [1] . Maybe the cause is from the driver who experience muscle fatigue while driving after doing their daily activities [2] . Fatigue is directly influenced by the type of work, time to wake up and the time of day when the driver works. Driver fatigue leads to 1% to 3% of road transport accidents by up to 20% of those accidents occurring on major roads [2] . Therefore, this project is conducted to verify if there is any muscle fatigue occurred in a minimum time of driving.
Muscle fatigue occurs when the muscle experiences a reduction in its ability to produce force and accomplish the desired movement. Almost everyone will experience muscle fatigue caused by driving. This is because the body is too tired or overworked from time to time. Fatigue while driving is a major cause of road accidents, it happens at any time -most often between 10 pm to 8 am [3] . Extreme fatigue often caused by psychological problems such as feeling a lack of energy, tiredness, or muscle fatigue. In most cases, extreme fatigue associated with boredom, lack of sleep or work badly. Fatigue relentless or persistent will not be relieved by rest. Fatigue has been found to play a big role in limiting performance in just about every individual in daily life. Fatigue can affect all areas of life by making humans too tired to take part in daily activities, relationships, social events, and community activities. They may miss work or school, spend less time with friends and family, or spend more time sleeping.
Usually, fatigue is measured by using electromyography (EMG) signal [4] . Electromyography (EMG) is a diagnostic procedure to assess the health of muscles and the nerve cells that control them (motor neurons). Motor neurons transmit electrical signals that cause muscles to contract. An EMG translates these signals into graphs, sounds or numerical values that a specialist interprets. An EMG uses tiny devices called electrodes to transmit or detect electrical signals. EMG signal analysis results can reveal the occurrence of muscle fatigue. The benefits of EMG are it's a non-intrusive, straightforward operation and simple to acknowledge for the patients. The natural signs recorded for EMG through the electrode surface to reflect the status of the nerve and the muscle. Thus, EMG is a viable approach to do the investigations of muscle fatigue.
The researchers develop many techniques that provided a way to analyse EMG signals. This project focused on using frequency-based techniques, such as Fast Fourier transforms (FFT) used to determine changes in the power spectral content of the EMG signals. Based on the frequency-based techniques, various EMG parameters have been obtained for monitoring changes in the EMG signal because of muscle fatigue such as spectral parameters. Spectral parameters discuss frequency analysis that can be performed on the EMG signal using procedures based on the Fourier transform to derive the mean or median frequency. Traditional temporal parameters as mean or root mean square, and spectral parameters as the mean or median frequency calculated over the PSD obtained from the Fourier transform have been applied to quantify muscle fatigue in maximal voluntary contractions before and after isokinetic and isotonic dynamic exercises [6] .
These spectral parameters are related to changes in muscle fibre conduction velocities and subsequent changes in the duration of the MUAP waveform [7] . It has also been shown that higher decrements of mean frequency are related to higher fluctuations of muscle force, which is defined as tremor [8] . It has been shown that during static contractions, the mean frequency usually decreases [9] .
II. RESEARCH METHOD
The experiment stage is divided into data collection, frequency analysis and then followed by Power Spectrum Density and Energy Spectrum Density.
A. Data Collection
The three subjects were randomly chosen from students in the Faculty of Electrical and Electronics Engineering, Universiti Malaysia Pahang (UMP) which is one male student and two female students will involve in this project. All subjects currently 23 years old. For EMG signal recording, the subject should not consume any medicine and drug because it will affect the accuracy of data. Moreover, the entire subjects should be alert when data collection is conducted. Fig. 1 shows the data collection process flow chart.
The shimmer3 Consensys_v1.0.0 software was installed on the laptop. Need for Speed the Run Game and PXN-V3II Racing Wheel was installed in a laptop. This game is chosen because it is free, provide different types of roads and provide long duration to drive. Before experiment start, briefing will be given during the three minutes explain about the experiment and the game to be played using a driving simulation. Besides, the subject will fill up the questionnaires about two minutes. The content in questionnaires is included (gender, name, ID number, age, activity during daylight, experienced in driving (years), often do the subject drive and about car accident). Each experiment took only 2 hours to complete for each subject.
Before electrode is placed on the right-side biceps brachii muscle subject, BD alcohol swabs is used to clean the skin to remove any particles inhibitory particles and allow the alcohol to vaporize so that the skin will be dry. For best result, electrode gel is used to reduce the electrode-skin impedance and increase the conductivity of the right-side biceps brachii muscle and the electrodes. The electrodes were located on the skin, according to the SENIAM guidelines [9] . Only one channel Ch1N (Negative terminal), Ch1P (Positive Terminal) and reference electrode is used in this experiment. Positive and negative electrodes should be placed in parallel, near the center of the muscle. The reference electrode should be placed at an electrically neutral point of the body. The distance between each of electrode is not more than two cm, to avoid more noise.
The subject will sit on driving simulator and the electrodes are attached to the subject's biceps brachii muscle to start collecting data. Then the subject will start to play the game and the EMG signal is recorded for duration two hours. After game end, the EMG electrodes are removed. This procedure was repeated for three subjects. The data then was analysed by using MATLAB programming tools. Fig. 2 shows the experiment set-up
B. Pre-processing
The EMG signals are saved in excel in laptop after the collecting data on the sample, the result needs to reprocess. The band pass Butterworth filter was used to remove any artifacts as well as high frequency noises (cut-off frequency between 7Hz to 20Hz). The recorded digitized EMG data sets were processed and the signal processing was performed by MATLAB software.
C. Frequency Analysis
To investigate the frequency domain behaviour and characterize the frequency components of EMG signal, frequency spectrum of EMG signal must be obtained. FFT method was used to get the frequency spectrum of EMG signal. To extract the desired components and parameters from 
III. RESULTS AND DISCUSSION
Based on Fig. 3 , pattern, and amplitude for all three subjects is different. First subject has the six points of higher amplitude. Second subject has only one point of higher amplitude. Third subject has none point of higher amplitude. The difference of amplitude for all three subjects is caused by a few factors. First factor is 1 st subject always involved in sport. Thus, biceps brachii of the first subject is more muscular than others. In addition, the first subject is male so, muscle of first subject is fitter and healthier than two females that involve in this project. All subjects do not have the same weight. Possibly thickness of the muscle tissue (biceps brachii) also influences the resulting signal on the graph.
The raw data for EMG signal undergo filter method to remove any skin movement artifacts as well as high-frequency noises (cut-off frequency between 7Hz -20Hz). EMG signal belongs to a continuous time-domain signal. To show the smooth pattern of data in the form of graphs, the filter is important in this project. Fig. 4 presents a filtered graph for first subject. For x-axis, the graph shows the time (ms). While y-axis of the graph shows the amplitude EMG signal (mV).
After the raw data is filtered, the data convert to the frequency domain by using the FFT function. Then from the FFT spectrum of a signal the PSD is computed. The PSD provides a useful way to characterize the amplitude versus frequency content of a random signal. Example of PSD graph shown in Fig. 5 . Fig. 6 shows an example of ESD graph for 1 st subject. Based on the graph, the energy produced is uniform. The amplitude showed no significant change from beginning to end. Only occasionally there is some high point on the graph, showing the biceps brachii muscle is in a state of shock. The first subject maintains the energy level from start to finish during the EMG signal is recorded while driving. Fig. 7 below, energy of second subject seems high at first, but then significant decrease in the amplitude. The graph showed an energy level in the biceps brachii muscle is decreased gradually. It shows that second subject having a muscle fatigue in the biceps brachii muscle based on the significant decrease in amplitude. Fig. 8 , the value of the amplitude of this graph is the lowest compared to the others. So, the total energy of the third subjects is low compared to other two subjects. As the energy used is possibly not uniform and as analysed the third subject was driving with carefully during the EMG signal recorded for 2 hours. Energy is still maintained, but resulting, low amplitude.
Based on
For this section, parameters (mean, standard deviation, RMS, Magnitude, Median, Average power, Total energy) that need to be obtained are calculated from the entire graph shown in Table I . Based on established journals [10, 11] , the figuring of the RMS of the recorded EMG signal enabled us to effectively evaluate muscle fatigue. Muscle fatigue happened when the estimation of the amplitude is more prominent or higher while the frequency is lower. Based on the calculation above, muscle fatigue occurs can be concluded from second subject. The results of the conducted experiments to determine muscle fatigue on the values of the EMG signal parameters, calculated based on time and frequency analysis are presented.
The results obtained showed a significant mean frequency decreased when performing the experiment by driving game for all three subjects -0.1488 Hz, -8.4934 Hz and-1.0396 Hz. There was also a slightly higher increase in RMS the root mean square for second subject compared to all three subjects. There was no significant gender effect on the RMS, but there was a tendency of higher RMS increase in the female (second subject) compared to male (first subject). However, based on this experiment, third subject are not usually drive compare to two other subjects. So, the RMS for third subject is lower than the other subjects. Results demonstrating the high of EMG amplitude, resulting in a reduction of the reliability of muscle fatigue assessment, are in accordance with the results obtained by other authors [12, 13] .
IV. CONCLUSION
This project is to assess muscle fatigue during driving by electromyography. The objective of this project is achieved through five stages that are data collection of EMG signal, preprocessing EMG signal, data analysis of EMG signal, PSD and ESD.
The result shows that the objectives of this project were to demonstrate minimum time of muscle fatigue occurs and assess muscle fatigue from biceps brachii by using an EMG signal is achieved. Based on the result obtained, the result shows that the value of the amplitude is higher while the frequency is lower. Therefore, it can be concluded that muscle fatigue is occurred in minimum time and can assess it by electromyography.
For the recommendation, the technique of analysis, EMG signal which is PSD and ESD will improve with other technique such as time-frequency techniques. This is because this technique allows the study of the spectral content of EMG signals over time.
For further analysis, the samples need to involve with three different age groups because time for muscle fatigue occurs is different between age groups. Besides that, for the games that have been used in this project, the types of road in the game such as winding road and straight road can be used to make comparisons which types of road can affect more to muscle fatigue.
